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Introduction 
1 
The soft rot disease of chinese cabbage (Brassica ρekiηensis Rupr.)， caused by 
Erwinia carotovora (Jones 1901) Bergey， Harrison， Breed， Hammer and Huntoon 1923， 
is soil borne and usually occurs at late wrapping stage of the plant， that is， about 
40-50 days after sowing2l5l810l. It was found that there was significant difference 
in resistance to the disease among chinese cabbage cu1tivars under natural infec-
tion in the field， that is， some cu1tivars were severely damaged， others moderately 
or less damaged6l. 
Chinese cabbage has preferential effect on the growth of the causal organism 
in rhizosphere soils at wrapping stage2l. The number of the total bacteria and 
that of Gram-negative bacteria were more abundant in the rhizosphere soil of 
susceptible cultivar than of resistant one10l. But the effects of the cu1tivars on the 
growth of the causal organism have not been demonstrated. 
In the present study the growth of the organism was traced in rhizosphere 
soils of chinese cabbage cultivars which show difference in resistance to the soft 
rot disease. 
Materials and Methods 
Fourteen chinese cabbage cultivars were sown on May， 1978. To compare the 
difference of the cu1tivars in resistance under natural infection in the field， 
susceptibility index was recorded periodically， according to the method described 
by Shimizu et a16l. 
Resistant (Hiratsuka No. 1， Shimoyamachitose)， moderately resistant (Matsu-
shima-kohai Shin No.6， Matsushima-kohai Tanikaze No. 2) and susceptible cu1tivar 
(Chirimen， Nozaki No. 2) were sown on May 6， 1979 (spring sowing) and on Aug. 
8， 1979 (summer sowing). To investigate the growth of the organism in rhizosphere 
soils of the cu1tivars which have different resistance， the number of the organism 
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was periodically counted as previous report引 .Samples from unplanted soil were 
used as control. 
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Two ml of a mixture of the six phage type strains of streptomycin resistant 
E. carotovora9l was exogenously applied to the surface of the taproot by pepeting 
at the seedling stage. Cultivars used were Hiratsuka No. 1， Matsushima-kohai Shin 
No.6， and Chirimen. To confirm the effect of the cultivars on the growth of the 
organism， reisolation from rhizosphere soils of the cultivars was performed by the 
dilution plate technique with modified Drigalski's medium which contains 100 ppm 
streptomycin sulfate. The reisolates were then phage-typed by the spot testll. 
All materials were grown at Yamagata Univ. Farm， Tsuruoka and the cultural 
practices were kept as same as described in previous reportSl. 
Results 
1. The difference of chinese cabbage cultivars in resistance to the disease under 
natural infection in the field 
Susceptibility index of 14 cultivars is shown in Fig.1. Although order in 
susceptibility among the cultivars varied with the advance of growing stage， the 
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Hiratsuka No.l 
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Shimoyamachitose 
M-k Tanikaze NO.2 
Kashin 
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M-k Shotoku 
M-k Chushu 
M-k Sakura 
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50 
Susceptibility index" 
_ June 25 CコJuly9 
Susceptibility index of 14 chinese cabbage cultivars to soft rot disease2l 
1) Average of three replications of five plants per cultivar 
2) M-k: Matsushima-kohai， N-k : Nagaoka-kohai， N-h : Nozaki-harumaki 
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Fig. 1 
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cultivars could be divided into three groups， that is， resistant， moderatly resistant 
and susceptible cultivars. Hiratsuka No.1， Shimoyamachitose， Matsushima-kohai 
Bikutoriya and Nagaoka-kohai Osho were resistant. Chirimen， Kashin， Nozaki-
harumaki No.1 and Nozaki NO.2 were susceptible. The others were moderately 
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resistant. 
2. The growth of the organism in rhizosphere soils of chinese cabbage cultivars 
which have different d巴greeof resistance 
i) The materials sown on May 6， 1979 
The disease occurred from mid-June in the materials sown on May 6， 1979. 
Susceptibility index is shown in Table 1. Ther巴 wasa significant difference in 
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Susceptibility index of chinese cabbage cu1tivars to 
soft rot in spring sowing. 
Sllsceptibility indexl 
Cu1tivars 
June 22 29 July 6 13 
Chirimen 10.2"2) 31.3" 86.7" 100.0" 
Nozaki No. 2 11.0" 28.6" 64.6" 88.0b 
Matsushima-kohai Ob 2.0bc 37.3c 75.3c Shin No. 6 
Tanikaze No. 2 Ob 4.6b 42.0c 74.6c 
Shimoyamachitos巴 0" oc 39.3c 70.6cd 
Hiratsuka No. 1 Ob Oc 19.3d 66.0d 
Table 1. 
1) Average of three replications of five plants per cultivar. 
2) Duncan's multiple range test llsed at 5 % 1巴vel.Values with same letter ar巴 not
significantly different. 
Growth of the soft rot disease organism in rhizosphere soils of 
chinese cabbag巴 cu1tivarsin spring sowing. 
The cell number of the organism/g of dry soil(x10')日
Cultivars 
Jun巴 6 12 19 26 10 
Chirim巴n 02) 。 0"3) 0" 17.2" 
Nozaki No .2 。 。 0" 24.9" 31.2" 9.3" 
Matsushima-kohai 。 O 0" 0" 4.0" 29.9" Shin No. 6 
Tanikaze No. 2 。 。 0" 0" 26.2" 2.9" 
Shimoyamachi tose 。 O oa 0" 7.0" 9.7" 
Hiratsuka No. 1 。 。 0.3" 0.2" 17.9" 3.6" 
Table 2. 
???
?
?
1) Average of th巴cellnumber in rhizosphere soils sampled from three plants per cl1tivar. 
2) The soft rot disease organism was undetected. 
3) Duncan's multiple range test used at 5 % level. Values with same letter are not 
significant1y different. 
resistance among the cultivars， which was similar to the result illustrated in 
Fig. 1. The growth of the organism in rhizosphere soils of each cultivar is given 
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in Table 2. The organism was isolated from those of Hiratsuka No.1 on June 19， 
of Nozaki No.2 and Hiratsuka NO.1 on June 26， and on July 3 from all cultivars. 
The population level of the organism ranged from 103 to 105 per g of dry soil. 
However the population of the organism was not always higher in the rhizosphere 
soils of susceptible cu1tivars than of resistant ones. 
i) The materials sown on August 8， 1979 
The disesse occurred from mid-September. Susceptibility index of the cu1tivars 
is shown in Table 3. A significant difference of the cultivars in resistance was 
Table 3. Susceptibility index of chinese cabbage cultivars to soft 
rot disease in summer sowing. 
Susceptibility indexll 
Cultivars 
20 27 12 
Chirimen 6.9'2) 62.7' 78.6' 98.7' 100.0' 
Nozaki No. 2 Ob 30.0b 49.3'b 68.7'b 82.7'b 
Matsushima-kohai Ob 10.00 41.3'b 71.3"0 91.3'b Shin No .6 
Tanikaze No. 2 Ob 20.7b 36.0'b 62.6b 71.3b 
Shimoyamachi tose 00 8.0b 12.7b 13.3c 28.0c 
Hiratsuka No. 1 Ob 4.6b 10.0b 20.7" 45.3C 
1) Average of three replications of five plants per cultivar. 
20 
100.0' 
90.7' 
100.0' 
84.6' 
53.0b 
54.0b 
2) Duncan's multiple range test used at 5 % level. Values with same letter are not 
significant1y different 
confirmed. The oganism was isolated from rhizosphere soils of Chirimen and 
Matsushima-kohai Shin No. 6 on September 7 and from all other cu1tivars by the 
end of September (Table 4). Although the population level ranged from 104 to 
Table 4. Growth of the soft rot disease organism in rhizosphere soils 
of chinese cabbag巴 cu1tivarsin summer sowing. 
The cell number of the organismjg of dry soil (x104)1l 
Cu1tivars 
Aug. 31 Sep.7 14 20 28 
Chirimen 02) 10.0"3) 0' 26.7' 
Nozaki No. 2 。 0' 0" 86.7b 193.3c 
MShai tsushima k0hai n No. 6 
。 3.3' 0" 0' 3.3" 
Tanikaze No. 2 。 0" 8.5b 20.0" 66.70 
Shimoyamachitose 。 0" O' 6.7" 76.7b 
Hiratsuka No. 1 。 0" 0" 13.3" 3.3" 
1) Av巴rageof the cell number in rhizosphere soils sampled from three plants per 
cu1tivar. 
2) The soft rot disease organism was undetected. 
3) Duncan's multiple range test used at 5 % level. Values with same letter ar巴 not
significant1y different. 
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106 per g of dry soil， susceptible cultivars did not always keep the higher pOpU-
lation level than of resistant ones. In the materials of spring and summer sowing， 
the organism was not detected from control. The result seems to point out that 
in control soils the population of the organism is less than 103 per g of dry soil. 
3. Reisolation of E. carotovor，αapplied to the surfac巴 ofthe taproot from 
rhizosphere soils 
When a mixture of six strains of phage sensitive， streptomycin resistant E. 
carotovora was applied to the surface of the taproot， there was no detectable 
increase of the organism in rhizosphere soils at early growing stage. But the 
number of the organism increased at late wrapping stage. Reisolation samplings 
were made from Hiratsuka No. 1， Matsushima-kohai Shin No. 6 and Chrimen ; 13， 16 
and 10 samples were collected respectively at late wrapping stage. Possitive results 
were obtained from 2 of Hiratsuka No. 1， 7 of Matsushima-kohai Shin No. 6 and 4 
of Chirimen. Most of the reisolates belonged to the strain IV (phage-type D). 
Discussion 
In some soil borne diseases， the population level of the causal organism in 
soils is expected to be responsible to the varietal difference in susceptibility. For 
instance， in the bacterial wilt of tobacco caused by Pseudomonas solanacearum 
(Smith 1896) Smith 19177) and the root rot of pea by Fusarium solani f. sp. 
pisi3)， the susceptible cultivars were more abundant in causal organism detected 
from rhizosphere soils than resistant ones. 
In the soft rot of chinese cabbage， the survey of the total and Gram-negative 
bacteria is performed with the cultivars different in susceptibilitylO). But the 
correspondence betw巴envarietal difference in susceptibility and the growth of 
E. carotolJora has remained to be followed. 
The varietal difference in susceptibility confirmed previously6J， was shown 
among the 14 cultivars tested. 
Although the population of the causal organism shifted from low leve}1J2)4) to 
the extent of lOc106 per g of dry soil ascertained in the other papers2)810J， the 
organism applied to the taproot samely multiplied in rhizosphere soils irrespective 
of the cultivars， and so the correspondence mentioned above could not be observed. 
It may be conc1uded that in the soft rot of chinese cabbage， some stimulative 
effects of host plant on the growth of the causal organism and the subsequent 
multiplication in rhizosphere soils are not correlated with the varietal difference 
in susc巴ptibilityto the disease. 
Summary 
A study was conduct to find out the relationship between varietal difference 
of chinese cabbage in resistance to the soft rot disease and the growth of the 
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causal organism (Erwinia carotovora) in rhizosphere soils. 
1. Under natural infection in the field， susceptibility index of 14 cultivars 
to the disesse was periodically r巴corded. The cu1tivars could be divided into 
three groups， that is， 4 resistant， 6 moderately resistant and 4 susceptible cul-
tivars. 
2. Susceptibility index and the growth of the causal organism in rhizosphere 
soils were examined using 2 cultivars per group. Ther巴wasa significant difference 
in susceptibility index， but not in the population level of the organism among the 
cultivars tested. 
3. The phage s巴nsitive，streptomycin resistant E. carotovora was applied to 
the surface of the taproot of one cu1tivar per group. The number of E. carotovora 
increased in rhizosphere soils of all the cultivars. 
From the resu1ts it may be conc1uded that difference in resistance to the 
disease among chinese cabbage cultivars was not influenced by the growth of the 
organism in rhizosphere soils of the cultivars. 
The author is grateful to Prof. I. Goto of Yamagata University for his helpful discussions 
and Miss S. Saito for h巴rtechnical assistance and thanks are also due to the staff of Yama. 
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ハクサイの軟腐病抵抗性の品種間差異と根圏
土壌における病原菌 Erwiniacarotovora 
の増殖との関係に関する研究
富樫二郎
(山形大学農学部植物病理学研究室)
摘 要
1.聞場における 自然感染によるハクサイ14品種の軟腐病擢病指数を求めた r抵抗性」
4品種 r中程度抵抗性J 6品種 r擢病性J 4品種の 3群に区分された(第1図).
2.上記3群の各2品種を供試し擢病指数の時期的推移(第1，3表)と共に，根圏
土壌の病原菌の増殖(第2，4表)を確めた.躍病指数には群間差異が明瞭であるが，病
原菌の増殖には差異が認められない.
3.上記3群の各1品種を供試しストレプトマイシン耐性およびフアージ感受性で標
識した病原菌を主根根面に添加した.添加菌は各群の根圏土壌で増殖し再分離される.
以上のように，ハクサイ品種の軟腐病に対する抵抗性の差異は，その根圏土壌における
病原菌の増殖の差異によるものではない.
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